INTRODUCTION
Nephrotic syndrome (NS) is a disease characterized by significant proteinuria, hypoproteinemia, edema, and hyperlipidemia as a result of increased glomerular permeability. [1] Twothirds of childhood NS cases are observed before the age of 5, and 80% to 85% of them lead to minimal lesion disease (MLD). [2, 3] NS diagnosis includes urinary protein excretion of more than 40 mg/m 2 /h and hypoalbuminemia (serum albumin <2.5 gr/dL). [4] Approximately 90% of patients respond to steroids and remission is observed in the first 4 weeks. [5, 6] The glucocorticoid drugs used for NS have important side effects on bone metabolism. One of these side effects is the development of osteoporosis. [7] Harvey Cushing first described the effects of steroids on bone tissue in 1932. There are various factors in the pathogenesis. [8] Systemic glucocorticoids can lead to bone loss directly or indirectly, suppress the growth hormone secretion, and inhibit the synthesis of insulin-like growth factor 1. As a result of growth factor inhibition, there is a decrease in the number and activity of osteoblasts. Osteoclasts are activated, and calcium absorption from the intestinal mucosal cells decreases. Renal excretion of calcium and phosphorus increases. Thus, hypocalcemia develops and can cause secondary hyperparathyroidism. The rate of bone remodeling increases, but there is insufficient bone formation as osteoblasts are suppressed. Finally, osteoporosis and bone resorption occur. These effects are dependent on dose and the length of use; the impact increases in higher doses and long-term treatment. [9] Long-term use of glucocorticoids is a significant risk factor for the development of posterior subcapsular cataract. Glucocorticoids can also increase intraocular pressure. This type of glaucoma generally happens in patients who use glucocorticoid eye drops. Exophthalmos and swelling of the eyelids and eye muscles is also a rarely observed side effect of glucocorticoids. [10] Another possible side effect of systemic, local, or topical glucocorticoid use is central serous chorioretinitis. [11] In the present study, the effects of steroid treatment on serum concentrations of calcium, phosphorus, magnesium, alkaline phosphatase, parathyroid hormone, vitamin D, osteocalcin, bone density, and the eyes of children with steroid-sensitive NS were examined. The aim was to detect any complications in the eyes or bones due to long-term steroid use at an early stage and to ensure the necessary precautions are taken.
MATERIAL AND METHODS
This study was performed with patients with NS due to MLD who were followed up between 2006 and 2011 at Necmettin Erbakan University, Meram Medical Faculty, Department of Children's Health and Diseases, Pediatric Nephrology Unit. The Meram Medical Faculty ethics committee of Selçuk University granted approval for the study on March 28, 2011 (decision number 110). Hospital records of 56 patients with NS were analyzed retrospectively. The patients were divided into 3 groups. Data of creatinine, albumin, total calcium, phosphorous, magnesium, alkaline phosphatase, parathyroid hormone, 25-hydroxyvitamin D3, osteocalcin, cholesterol, triglyceride, and urine protein, calcium, and creatinine levels measured at the same time were collected from patients files and recorded, as well as bone mineral density and eye examination findings.
Urea, creatinine, albumin, phosphorus, magnesium, alkaline phosphatase, total cholesterol, triglyceride, spot urine creatinine, and spot urine microprotein levels were measured using spectrophotometric calorimetric testing. Calcium, and spot urine calcium levels were measured using ion-selective electrodes, parathyroid hormone was measured using chemiluminescence, osteocalcin level was measured using an enzyme-linked immunosorbent assay and 25-hydroxyvitamin vitamin D3 level was measured using high-performance liquid chromatography. Patient bone density was measured using the linear absorption dual energy X-ray absorptiometry (DXA) technique. Z-score of less than −2 SD was considered osteoporosis and Z-score between −1 SD and −2 SD was classified as osteopenia. [12] Disease duration of the patients was determined, as well as total prednisolone dose (mg) given from disease onset until bone parameters were measured and eye examination was performed.
Statistical analysis
Statistical evaluation was performed using SPSS for Windows, Version 16.0. (SPSS Inc., Chicago, IL, USA). Findings were expressed as mean±SD. Normality analysis was performed to evaluate distribution. The 3 patient groups were compared in terms of biochemical parameters using a one-way analysis of variance (ANOVA). A post hoc test was performed for variables that were found to be significant. The total steroid dose (mg and mg/kg) was also compared between groups using an ANOVA test. Bone density was compared in terms of osteopenia and osteoporosis using the chi-square test. In all analyses, 5% significance level was used.
RESULTS
A total of 56 idiopathic, steroid-sensitive NS patients were included in the study. Of those, 35 (62.5%) were male and 21 (37.5%) were female. The mean age of the patients was 4.2±2.3 years. The age of patients at the time of diagnosis, disease duration, number of relapses, and DXA Z-scores are presented in Table 1 .
The patients were evaluated in 3 groups. There was a total of 20 patients in Group 1 (13 males, 65%; 7 females, 35%), there were 33 patients in Group 2 (20 males, 60%; 13 females 40%), and there were 3 patients in Group 3 (2 males, 67%; 1 female 33%).
Comparison of the 3 groups in terms of biochemical parameters (serum urea, creatinine, calcium, phosphorus, magnesium, alkaline phosphatase, parathyroid hormone, osteocalcin, vitamin D, triglycerides) revealed no statistically significant difference (p>0.05). However, there was a significant difference in the rate of calcium/creatinine and protein/creatinine in spot urine (p<0.05). Similarly, total serum cholesterol levels were also significantly dif-ferent between groups (p<0.05). There was a statistically significant difference between Group 3 and Group 1, and between Group 3 and Group 2 (p=0.001, p=0.022, respectively) in the urine protein/creatinine rate. Similarly, there was a statistically significant difference between Group 3 and Group 1, and between Group 3 and Group 2 (p=0.001, p=0.01, respectively) in the urine calcium/creatinine rate. Comparison of total serum cholesterol level also revealed a statistically significant difference between Group 3 and Group 1, and between Group 3 and Group 2 (Group 1 and Group 2: p=0.999; Group 1 and Group 3: p=0.007; Group 2 and Group 3: p=0.005). The biochemical parameters of the patients can be seen in Table 2 .
When the total steroid doses of the 3 groups were compared, no statistically significant difference was found (p=0.290). The total steroid doses of patient groups are provided in Table 3 .
The bone density of 43 patients was measured and the results can be seen in Table 4 . The bone density of the 3 groups was compared in terms of osteopenia and osteoporosis with the chi-square test, and no statistically significant difference was found (p=0.306).
The bone density of the 3 groups was compared in terms of gender using the chi-square test, and no statistically significant difference was found (p>0.05). The distribution of bone density measurements according to gender can be seen in Table 5 .
Eye examinations were performed on 40 patients from the 3 groups and compared with regard to side effects using the chi-square test. There was no statistically significant difference (p=0.715). The cataract rate can be seen in Table 6 .
DISCUSSION
The importance of corticosteroid treatment in childhood NS is indisputable; however, glucocorticoid drugs can have adverse effects on bone metabolism and the eyes. Longterm use can lead to osteoporosis and more frequent instances of cataract syndrome. [13] [14] [15] [16] When the appropriate precautions are taken, the development of osteoporosis and cataract can be prevented.
In to the literature on the effects of glucocorticoids on bone metabolism, there is a dose table that classifies prednisolone doses as follows: low dose (<2.5 mg/day), medium dose (2.5-7.5 mg/day) and high dose (>7.5 mg/day). It has been reported that 5 mg/day prednisolone use (supraphysiological doses) for 3 months is sufficient to inhibit bone formation indicators. [7] In our study, we did not detect a statistically significant relationship between steroid dose and bone density, despite the fact that the patients received supraphysiological doses of steroids.
Studies have stated that biochemical changes return to normal once NS is in remission. [17, 18] In this study, 53 of the patients were in remission. Our findings supported these studies; the serum calcium, phosphorus, magnesium, alkaline phosphatase, parathyroid hormone, vitamin D, and osteocalcin levels of these patients were in the normal range.
In addition to studying the daily dose of steroids, there are also studies that have been performed examining the effects of peak doses, current doses, and cumulative doses. Cumulative dose has been shown to have the maximum effect on bone. Use of steroids every other day did not demonstrate any protective effects. [7, 19, 20] However, other studies have reported that cumulative steroid dose does not affect bone density in steroid-sensitive NS patients. [21, 22] Similarly, we did not find a statistically significant difference between the cumulative dose of steroid and bone density.
Systemic steroids increase calcium excretion by increasing bone resorption. [23] Our study results support this finding and indicated that the spot urine calcium/creatinine rate of Group 3 patients who were in the active stage and who were receiving treatment dose of steroid were significantly higher.
Osteocalcin, which is a non-collagen protein located in the bone matrix, is a good indicator of bone formation. It is also a good indicator of the inhibitory effect of corticosteroids. It has been shown that the intake of 1 oral dose of prednisolone (2.5 mg) affects the serum osteocalcin level in adults immediately. [23] In our study, there was no significant difference in the osteocalcin level of the patients. However, it is noteworthy that the majority of our patients were in the remission stage and that the mean osteocalcin level of Group 3 patients was lower than that of the others. In the literature, it has been demonstrated that high-dose steroid treatment leads to a decrease in bone structure, which causes the levels of alkaline phosphatase and osteocalcin. The 25-hydroxyvitamin D vitamin level of patients increased after treatment; however, remained lower than that of the control group. [17] We did not encounter a statistically significant difference between the patient groups in terms of osteocalcin, alkaline phosphatase, or 25-hydroxyvitamin D vitamin level. There are 2 possible reasons for this result. First, the cumulative dose of steroids used in our study is lower than that used in other studies. According to the study performed by Biyikli et al., [17] the cumulative steroid dose in patients with frequent relapses was 105,000 mg/m2 and the cumulative steroid dose in the patients with rare relapses was 28,125 mg/m 2 . In our study, the cumulative dose was 7193 mg/m 2 . Second, the majority of our patients were in the remission stage. Secondary hyperparathyroidism is rare in nephrotic children. [17] There was no case with secondary hyperparathyroidism among our patients. Hypomagnesemia can prevent parathormone secretion and the effects of parathormone on bone. However, we did not observe this in the present study.
Corticosteroids can lead to ophthalmic complications, such as increased intraocular pressure and posterior subcapsular cataract. Subcapsular cataract has been reported in nephrotic children treated with corticosteroids. The incidence varies between 14% and 51%. In a study performed by Hayasaka et al., [24] 54 patients with NS who were treated with steroids for a long time were analyzed. According to their results, subcapsular cataract was detected in 15 patients. The wide range of cataract incidence due to steroid treatment reported may be associated with different timing, doses, and different clinical groups. [25] Unlike the literature, the cataract rate was 2.5% in our study.
Though the mechanism of cataract occurrence due to the steroid use has not yet been explained entirely, steroid exposure creates a higher risk in young children. [26, 27] In our study, there was only 1 patient with a cataract, who was aged 12 years. The total steroid dose used in the treatment of this patient was 11,907 mg (265 mg/kg) and the diagnosis age was 1.83 years.
Biochemical alterations, such as a reduction of serum calcium, an increase in urinary calcium excretion, and a decrease in serum osteocalcin level can occur in patients with NS in the active disease stage due to steroid treatment. These changes return to normal in the remission stage. Nonetheless, pediatricians should be very careful while following up with children who use steroids at a young age due to the possibility of cataract development.
Ethics Committee Approval
Ethics Committee of Meram Medical Faculty, no: 110.
Informed Consent
The study design was retrospective observational study.
Peer-review
Internally peer-reviewed. 
Authorship Contributions

Concept
